A case study is presented of a female patient who has had impairment of visual recent memory following damage to the right cerebral hemisphere from rupture of a middle cerebral artery aneurysm. Her ability to remember unfamiliar faces is severely impaired in comparison with controls, as is her ability to identify the faces of celebrities who have become famous since the time of her illness in 1985. By contrast, she performs well on tests of recognition memory for words and has no problem in identifying celebrities from their names. She is also good at identifying faces of people who became famous before her illness. On tests of episodic memory, she continues to perform well at remembering familiar faces and objects, regardless of whether the test demands memory for which face/object was presented or memory for which view of a face/object was presented. Her poor memory for visual material is confined to unfamiliar faces and objects. Consequently, it is evident that she can learn new visual information so long as it relates to a familiar visual form; it is the learning of new visual forms that is impaired. A final experiment revealed that she is also poor at remembering unfamiliar voices. This raises the possibility that the basic deficit affects recent nonverbal memory and is not confined to the visual modality. Overall, the findings have important implications for the nature of recent visual memory loss, and for the way in which visual information is stored in memory.
INTRODUCTION
Investigations of the impairments of visual recognition that can follow brain injury have shown that these can take a number of different dissociable forms (Hay and Young, 1982; Ratcliff and Newcombe, 1982; Warrington, 1982) . The existence of these different types of impairment has crucial implications for models of visual recognition Young, 1988) , since it demonstrates that modular organization of function may be as characteristic of 'higher' as it is of more basic visual abilities (Cowey, 1985) . Furthermore, by studying the different forms of impairment, much can be learnt about the nature and operation of the functional modules that subserve visual recognition.
To date, most studies have concentrated on the clinically salient visual agnosias. Nevertheless, the neurological literature also contains details of a small number of patients who, as a result of right hemisphere damage, appear to suffer from what Ross (1980 Ross ( , 1982 has termed 'isolated loss of visual recent memory'. It is known from the pioneering work of Milner and her colleagues (e.g., Milner, 1958 Milner, , 1962 Milner, , 1968 ) that left temporal lesions can selectively impair verbal memory, whereas right temporal lesions can impair memory for visual information. The pattern displayed by Ross' patients was particularly striking, however. They found it extremely difficult to learn new visual and spatial information, yet they remained able to recognize previously learnt material. They therefore had severe problems in recognizing the faces of people that they met in the period following their illness, but could still recognize old acquaintances. They had difficulties in orientating themselves in new environments, yet they were not lost in their old haunts. In experiments, they found it hard to reproduce unfamiliar objects as drawings a few minutes after presentation. Conversely, these patients did not appear to exhibit the same level of impairment on tests of verbal memory that they encountered with recent visual memory.
Patients of this type are potentially of considerable theoretical significance. Not only are they consistent with a dissociation between the encoding and the retrieval of visual information, they also suggest that one should distinguish verbal long-term memory functionally, and therefore perhaps anatomically, from the memory system that encodes new visual information.
Over the last 18 months, we have had the opportunity of studying in depth a patient who appears to have a similar pattern of deficit to previously reported cases. Our study has had two main aims. First, this patient has been investigated because neither of the 2 cases reported by Ross (1980) suffered exclusively from recent visual memory loss. The first patient that he described could not recognize premorbidly familiar faces any better than new faces, while his second patient could not remember previously wellknown routes. Patients who have problems in recognizing new faces have also been described by Speedie and Heilman (1983) and Tranel and Damasio (1985) . In neither case, however, was any information given concerning these patients' knowledge of people's names. Furthermore, Speedie and Heilman provided no details about their patient's ability to recognize premorbidly familiar faces. We therefore set out to provide more solid evidence for the existence of recent visual memory loss by employing more formal testing procedures than has sometimes been used in previous studies, and by using properly matched control subjects to provide appropriate baselines.
The second, and equally important, aim of our study was to investigate in more detail the precise nature of the problems encountered by a patient of this kind, in order to learn about the psychological processes involved in recognizing and remembering new visual stimuli. In so doing, we were able to demonstrate that although our patient was very poor at remembering the appearance of unfamiliar visual stimuli, she could learn instances of previously familiar visual forms without difficulty. These findings have important implications for the nature of visual memory loss, and for the way in which visual information is stored in memory.
employed for many years in a job with a fair degree of responsibility, until she left in the mid-1970s to take over the running of a small post office.
In September 1985, E.L.D. had an acute neurological illness related to rupture of a right middle cerebral artery aneurysm which produced a haematoma in the sylvian fissure. A CT scan, performed in the following month, showed an extensive area of infarction in the right frontotemporal region with displacement of the hemisphere to the left. An angiogram in early October revealed a large middle cerebral artery aneurysm and also moderate vascular constriction. Shortly following this, the aneurysm was clipped via a right frontotemporal craniotomy. The operation was uncomplicated and there was no evidence of any further damage having occurred as a consequence. The patient made a rapid clinical recovery and was discharged at the end of November. She now lives on her own, having never married, although with a wide circle of supportive friends.
Spontaneous complaints
E.L.D.'s main spontaneous complaint concerns memory problems which, she claims, started to occur from the time of her acute illness. She claims to have become generally 'forgetful', often failing to remember appointments that she had made. The two major problems that she reports, however, are an inability to recognize the faces of people that she has met since the time of her illness, and problems in finding her way home. The problem with new faces is a source of social embarrassment for her and it also makes it difficult for her to follow television dramas in which unfamiliar characters appear. Nevertheless, she remains keen on reading fiction.
E.L.D. describes her topographical problems as resulting from an inability to form a mental picture of routes on which she has recently travelled. She states that she relies on the recognition of familiar landmarks to discover where she is. She lives in a new flat in an area with which she was unfamiliar before her illness, and for some time she found it difficult to alight at the appropriate bus stop following a trip to the city centre. She also states that she sometimes wakes up in the middle of the night quite unable to remember the layout of her room in the darkness. All this is consistent with a loss of recent visual memory. In addition, she claims to experience no difficulties in orientating herself in her parents' house or in her sister's house until she recently moved, both of with which she was familiar before her illness. She says that she can remember clearly the layout of the shop that she ran while working as a post mistress. She also showed a normal level of performance when we gave her a map of England and asked her to mark 15 major cities in their appropriate locations.
However, she also reports difficulties in finding her way around the city when out shopping. Since she lived there for many years before her illness, this would superficially appear to reflect retrograde as well as anterograde topographical amnesia. The situation, however, is complicated by the fact that the city centre has changed considerably in recent years and many of the changes coincided with the period in which she lived quite some distance away while working as a post mistress. Consequently, it appears that E.L.D.'s topographical problems are primarily associated with new rather than previously well-known environments. The present study, however, has concentrated on E.L.D. 's ability to process and remember faces and objects.
Perceptual processing E.L.D.'s basic visual abilities are to some extent impaired. Contrast sensitivity is slightly impaired above 3 cycles/deg. Colour vision is also quite impaired (total error score of 274 on the Farnsworth-Munsell 100 hue test). There is, however, no evidence that these problems are directly connected with her visual memory difficulties since all our tests have suggested that she shows normal perceptual processing of words, objects and faces. Moreover, patients with impaired contrast sensitivity do not, of course, invariably have problems with recent visual memory.
Object recognition was initially tested by selecting 36 line drawings of living and nonliving items from Snodgrass and Vanderwart (1980) , which were matched for frequency, concreteness and proportion of controls who had named the pictures correctly. Eighteen of these items were presented to E.L.D. as pictures which she was asked to name. The remainder were presented as words on index cards which she was asked to define. She named 18/18 correctly and provided excellent definitions for the remaining 18. Recognition and naming of photographs of everyday objects taken from prototypical and unusual views (see Warrington and Taylor, 1978) were also unimpaired (40/40). She also performed within the normal range (30/32 on 'easy' and 27/32 on 'hard' items) on a shortened version of an 'Object Decision Test' (see Riddoch and Humphreys, 1987, p. 143) which requires the subject to detect anomalous line drawings of objects and animals (e.g., a zebra's head on a tiger's body). Finally, a reaction time study has shown that she can recognize objects at normal speeds. Using a voice key, she took an average of 895 ms to classify each of 16 slides of real objects projected onto a screen as familiar, and an average of 1233 ms of reject 16 slides of unfamiliar objects. She made no errors on the 32 trials. Ten control subjects of comparable age gave mean reactions times (RT) of 904 ms (SD 153 ms) to familar objects and 1452 ms (SD 469 ms) to unfamiliar objects. Controls also made no errors.
E.L.D.'s ability to match faces also seems to be normal. She scored 44/54 on the Benton Facial Recognition Test (normal range 40-54). She scored 40/40 correct on a task which involved classifying the sex of an unfamiliar face (this task used both 'easy' and 'difficult' faces drawn from the study by Bruce el at., 1987) , and 40/40 on a task which involved classifying a face as young or old. She also performed well at judging facial expressions, successfully matching the expression as same or different on 30/32 pairs of faces of different unfamiliar faces (control mean = 29.79).
There is also no evidence of visual neglect. She performed well on a task which involved crossing out circles on the left and right-hand side of a piece of paper. She also read perfectly 40 four-letter words (from Ellis et al., 1987a) with substitutable first letters.
General intellectual ability
E.L.D.'s Verbal IQ on the Wechsler Adult Intelligence Scale was 119 when tested in January 1987, which suggests that there has been no significant deterioration in general intellectual functioning. This conclusion is consistent with her performance on the National Adult Reading Test (NART) which estimated a premorbid Verbal IQ of 120. Performance IQ score was 100, and was lower than the score of 117 that would be predicted from the NART. Such a discrepancy between Verbal and Performance IQ is not unusual in a patient with this type of clinical background, and is consistent with the view that there may have been some reduction in intellectual capacity on tasks sometimes associated with right hemisphere function. Performance on the Wisconsin Card Sorting Task, a test which is sensitive to frontal lobe impairment was normal, however.
Clinical memory tests
E.L.D.'s performance on the Wechsler Memory Scale revealed a memory quotient of 100. Since this score is somewhat lower than her Verbal IQ of 119, it is consistent with her complaint that, in general, her memory is not as good as it was before her illness. In addition, there is some evidence from the test breakdown presented in Table 1 that performance is not particularly good on those subtests that are most sensitive to episodic memory problems (e.g., Memory Passages and Paired-Associate Learning). Nevertheless, her score on these subtests was within 1 SD of performance by controls. As a consequence, these results as well as others which are presented below, make it clear that E.L.D. does not suffer from a general memory impairment.
Performance on Warrington's (1984) Recognition Memory Test revealed a striking pattern. On the test for words, E.L.D. scored 43/50, which is well within the normal range. This involves the subject being presented with 50 English words, followed by a recognition test in which each target word is paired with 1 distractor. The test for faces is similar except that unfamiliar faces are used as stimuli. Here, however, E.L.D.'s score was only 34/50, a level of performance which is over 2.5 SDs below the mean for her age group. The difference of 9 between performance on the two tests is also extremely large-only 5% of Warrington's control sample has a higher discrepancy between their scores on the two tests than this. When retested 2 yrs later, she showed an even larger discrepancy, scoring 49/50 on words and 29/50 on faces. As a result of E.L.D.'s impaired performance on this test, despite normal scores on recognition memory for words and on face matching tasks, and because of her spontaneous complaint of inability to learn new faces, a series of experimental investigations was initiated in an attempt to define the precise nature of the problems that she experiences in remembering faces. The first experiment sought to investigate the generality of the impairment in learning new faces by examining whether the deficit that had been revealed on the faces part of the Warrington Recognition Memory Test could also be observed in a different type of recognition memory test involving the detection of recurring unfamiliar faces.
Experiment 1
Methods E.L.D. was shown a sequence of 8 black and white photographs, all of which contained the face of one young man. The faces were exposed for 3 s each. The instructions indicated that she should attempt to leam the faces since she would shortly be asked to pick out the faces that she had seen from a much larger set of unfamiliar faces. As soon as all the faces had been presented, the test phase began. A singleitem recognition memory test was used in which the 8 target faces plus 12 distractor faces of young men not shown earlier were presented one at a time in random order for an old/new recognition memory decision. After this, the 8 targets were presented again, mixed with 12 new distractors for a further set of old/new decisions. Finally, the 8 targets were tested a third time in identical fashion with 12 new distractors. This test was kindly loaned to us by Dr Edward De Haan of the Radcliffe Infirmary, Oxford. Table 2 provides details of E.L.D.'s performance on this test, together with the performance of 19 female control subjects of similar age and educational background. The performance of 3 male Korsakoff amnesic patients (average age 66 yrs) is also included for comparison. It is clear that E.L.D.'s performance is severely impaired relative to the controls, and that her overall sensitivity is as poor as that of the 3 KorsaJcoff patients. She achieved only 6 hits out of 24 on the task whereas only 4 of the 19 controls achieved less than 20 hits, with the lowest control score being 13. It is also interesting to note that although d' values (a measure of sensitivity in the recognition test) are similar, the Korsakoff patients achieved more hits at the expense of four times as many false positives as E.L.D. who gave few false alarms. E.L.D.'s extremely poor performance on this task confirms the impairment that was evident from her faces score on the Warrington Recognition Memory Test. She finds it extremely difficult to remember new faces on both forced-choice and single-item yes/no recognition memory tests.
Results and Discussion

Experiment 2
In the second experiment, we examined E.L.D.'s ability to recognize famous faces and names. If she does suffer from a severe impairment in learning new faces, then it would be expected that she would also experience great difficulties in identifying the faces of celebrities who have become famous since 1985, the time of her illness. As her performance can be compared with her ability to recognize faces of people who became famous before 1985, this test provides an opportunity of investigating whether her problems are specific to new faces or whether she also finds it difficult to recognize previously well-known faces. In addition, since E.L.D.'s ability to recognize the names of these celebrities can also be examined, we have a further opportunity of assessing whether her difficulties are confined to visual rather than verbal long-term memory.
Methods
A total of 78 3.5x5 inch black and white photographs were assembled. Each photograph displayed a frontal portrait of someone's face. Of these, 26 faces were of people who have achieved prominence from 1985 onwards (e.g., Mikhail Gorbachev, Sarah Ferguson, Madonna, John Stalker, Mike Gatting) and 26 were of people who were well known before 1980 (e.g., James Callaghan, Frank Sinatra, Jimmy Connors, Gracie Fields, Rod Stewart). The remaining 26 photographs were of people who are not famous. They were arranged in random order and presented to the subject one at a time. The subject's task was to rate the familiarity of each face on a scale from 1 (totally unfamiliar) to 7 (highly familiar), then state the person's occupation and finally give the person's name. Two weeks after E.L.D. had performed this task, she was given the names of the same people (unfamiliar faces were replaced by invented names) and ask to rate them for familiarity and state their occupation.
Results and Discussion
E.L.D.'s performance on this task, together with the scores achieved by 10 female control subjects of similar age and educational background, are given in Table 3 . This shows that she performs within the normal range on faces which were famous before 1980. The number of occupations that she knew and the number of names that she could recall were virtually identical to controls. The familiarity rating is slightly lower but this arises from E.L.D.'s occasional reluctance, in common with a small number of normal subjects, to award a score of 7 even to a face that she immediately names without hesitation.
On the other hand, E.L.D.'s ability to recognize faces of people who have become famous since 1985 is severely impaired. Familiarity ratings, number of occupations that were known and the number of names that could be recalled in response to the photographs were all over 2.5 SDs below the scores produced by the control subjects. Table 4 summarizes E.L.D.'s performance in recognizing names, together with the scores for 10 different age and sex-matched controls. Familiarity ratings and the number of occupations that were correctly recalled by E.L.D. are very similar to those of the controls. This is true for all names, those which have become famous recently as well as those which were famous before 1980. The results show that her problems in remembering new faces generalizes to people that she sees in the media. Furthermore, her problems do not appear to affect retrieval of old faces from memory, suggesting that this is indeed an anterograde problem and not a retrograde one. The finding that her performance was normal with recent names confirms that her problems relate primarily to visual rather than to verbal memory.
Even though the scores presented in Table 3 suggest that E.L.D.'s ability to recognize famous faces from the past is normal, it might still be argued that she may be identifying them on the basis of some abnormal strategy. The point that brain-injured patients may sometimes achieve an apparently 'normal' overall level of performance by abnormal means is a compelling one (Newcombe, 1979) . One way of testing this would be to look at the time E.L.D. takes to recognize famous faces. An abnormal strategy should lead to unusually long RTs. There is, however, no evidence that this is the case. She was given the familiarity decision tasks involving faces and names used by Newcombe el al. (1989) . Her performance on these was entirely normal. Responding by means of a voice key to slides back-projected on a screen, she took an average of 927 ms to classify as familiar each of 16 famous faces from the past, and 1123 ms on average to reject 16 faces of people who are not famous. She made only 1 error, a false positive, on the 32 trials. Ten normal controls of comparable age produced slightly longer mean RTs of 1121 (SD 221) ms to familiar faces and 1301 (SD 395) ms to unfamiliar faces, with an average of 0.6 errors (SD 1.6).
She also performed at normal speed on a similar test of name recognition (mean of 966 ms per trial for famous names and 1309 ms for unfamiliar names). Control subjects had a mean of 1080 (SD = 164) ms to familiar names and 1297 (SD 200) ms to unfamiliar names. She made no errors on the 32 trails (control mean 0.1 errors). One interesting further question that might be raised is whether E.L.D. would show an impairment on faces that became famous shortly before her illness. Patients with Korsakoff s syndrome appear to perform particularly badly in tests of retrograde amnesia on the decade in which their illness started (Albert et al., 1979) . In addition, the amnesic H.M., whose problems primarily occur with new learning, also appears to have a retrograde impairment covering the months leading up to his temporal lobectomy (Corkin, 1984 ). We have not tested this possibility formally with E.L.D. since it would be exceptionally difficult to find an appropriate set of faces, but can offer the following observation. One of the recently famous faces that we gave her to identify was that of the tennis player Boris Becker. His was one of the very few recent faces that she recognized immediately and named without difficulty. Boris Becker won his first Wimbledon title in July 1985, some 2 months before E.L.D., who is an avid watcher of Wimbledon on television, sustained her aneurysm rupture. Since Becker was virtually unknown to the general public before the summer of 1985, this finding is consistent with the view that E.L.D.'s visual memory problems do not have a retrograde component for the period leading up to her illness.
Experiment 3
There is an alternative explanation for E.L.D.'s ability to recognize the old but not the new faces at normal levels in Experiment 2. Table 3 shows that the control subjects rated the pre-1980 faces as more familiar than the newer faces and also knew their occupations and named more of them. It would therefore be possible to argue that E.L.D. 's problem occurs with faces which are relatively difficult to identify rather than with new faces per se. This possibility was examined in Experiment 3.
De Haan et al. (1987) and Hanley et al. (1989) have used a set of faces which include a high familiarity set (e.g., Margaret Thatcher, Harold Wilson) and low familiarity set (e.g., Lucille Ball, Max Bygraves). From the relevant normative data it is clear that these low-familiarity faces are harder to identify than the recent faces that were used in Experiment 2. They therefore prove an opportunity for investigating whether E.L.D. has problems with recent faces or with 'difficult' faces.
Methods
The procedure was exactly as for Experiment 2. E.L.D. was presented with a total of 60 black and white photographs of faces; 20 were of 'high-familiarity people', 20 were of Mow-familiarity people' and 20 were of people who are not famous. She was asked to provide familiarity ratings, state their occupation and provide their names. Table 5 , together with control data from 28 normal subjects tested at the Radcliffe Infirmary, Oxford. Two aspects of these data are of interest. First, compare the controls' ratings of the low-familiarity faces with those of the recent faces in Table 4 . It is clear that the low-familiarity faces in Table 5 are rated as less familiar and slightly fewer of them can be identified by name or occupation. Secondly, it is equally clear that E.L.D. performs just as well relative to controls on the low-familiarity faces as she does on the high-familiarity faces. This would appear to exclude any explanation of her poor performance on recent faces in terms of their difficulty rather than their recency.
Results and Discussion
E.L.D.'s performance in Experiment 3 is presented in
Experiment 4
The findings thus far indicate that E.L.D. has a problem in remembering new faces regardless of whether they are encountered in laboratory experiments or through the media. Conversely, she appears to have no problems in recognizing faces that she knew before her illness. The remaining experiments examine whether she might perform better in laboratory tests of episodic memory when the stimuli are faces that she recognizes rather than faces that she does not. A test analogous to the Warrington Recognition Memory Test was therefore prepared which included famous rather than unfamiliar faces.
Methods
E.L.D. was presented with a series of 50 3.5 x4 inch black and white photographs of famous people. These were presented for the same duration (3 s) as that used in the Warrington Recognition Memory Test. E.L.D. was asked to decide whether she found each face pleasant or unpleasant, and was told that her memory for the faces would subsequently be tested.
Following presentation of the faces, E.L.D. was given 50 test trials. On each trial, one of the target photographs was paired with a distractor face which was of a famous person that had not been seen earlier. She was asked to indicate which of the 2 people had been in the original series of faces. We will refer to this as the 'which person' test.
Once this test was complete, E.L.D. was given a further memory test which also comprised 50 trials. On every trial, she was shown 2 different photographs of each target celebrity and was asked to indicate which photograph of the celebrity she had been shown when the targets had originally been presented. Table 6 along with the scores obtained by a postencephalitic patient B.D., whose problems in remembering people were reported by Hanley et al. (1989) . B.D.'s score on the Warrington Recognition Memory Test was also low (30) but he experienced as much difficulty in identifying faces from the past as he did with people encountered since his illness.. It can be seen that E.L.D.'s performance in remembering these faces is extremely good, bearing in mind her severely impaired score of 34/50 on the Warrington Recognition Memory Test. Her score is very good when she is asked to decide which person she saw previously, but it is also suggestively high when she is asked to judge which view of the person she saw previously. Conversely, B.D. did not perform well on either test. His ability to remember the famous faces in the 'which person' test was much worse relative to E.L.D. than his performance on the unfamiliar faces. Although B.D.'s performance on the Warrington Recognition Memory Test was slightly lower than that of E.L.D., we subsequently had the opportunity of testing B.D. on the unfamiliar faces used in Experiment 1. On that test, he performed somewhat 
Results and Discussion
E.L.D.'s performance in Experiment 4 is presented in
Experiment 5
Despite the points raised above, there are several ways in which the design of the test used in the previous experiment could be improved. It would be preferable to be able to match the similarity between the targets and the distractors in the set of famous faces and the set of unfamiliar faces. In addition, the test of which view had been seen could not be administered until some while after the initial presentation of the target stimuli. This was at a time when each target photograph had already been exposed to the subjects twice.
In Experiment 5, normative data concerning physical similarity between target faces and distractors were collected before the experiment began, and used to match the sets of faces chosen. In addition, an entirely separate recognition test investigated memory for which view had been presented. Memory for famous and unfamiliar faces was examined in the same test sessions.
Experiment 5 also incorporated a test of memory for familiar and unfamiliar objects. If E.L.D.'s superior episodic memory performance on familiar than unfamiliar faces is replicated in this experiment, it becomes important to ascertain whether she shows a corresponding pattern when the stimuli are photographs of objects rather than faces.
Methods
Four tests of recognition memory were prepared. Two of the tests used photographs of objects and 2 used photographs of people. In addition, 1 test of each type examined memory for which item had been presented and the other examined memory for which view of an item had been presented. Each test comprised 40 target items, 20 of which were familiar (famous faces or well-known objects) and 20 of which were unfamiliar (faces of people who are not famous and very unusual objects). In the test, the distractors were either a picture of another familiar or unfamiliar item ('which-time' test) or a different photograph of the same item ('which-view' test) . Items for these tests were selected from a large pool of potential items that were rated on several characteristics by 6 independent judges. On the which-item test, if the target was a familiar item, then the distractor was also a familiar item, etc. The unfamiliar items achieved a mean rating of less than 1 on a 0-6 familiarity scale, whereas the familiar items were rated at over 5. The 6 raters also considered the familiar and unfamiliar objects to be equal in complexity. The ratings for differences in camera angle, difference in expression, difference in background, and difference in appearance between target items and distractors were also matched across the sets of familiar and unfamiliar faces. Examples of the stimuli used are shown in fig. 1 . Both E.L.D. and the controls performed the which-item test with objects first, followed by the whichitem test with faces and then the which-view (faces) test. Presentation of the stimuli and the testing procedure were identical to those used in the previous experiment. E.L.D. received the which-view (objects) test a month later. There were two differences in procedure for the which-view test (objects). First, the target stimuli were back-projected as slides onto a screen during presentation, but testing was done using Unfamiliar Familiar
Fie. 1. Example of the familiar and unfamiliar objects used in the 'which-view' recognition memory test in Experiment 6.
photographs, as for the other 3 tests. Secondly, subjects were not forewarned about the nature of the recognition test in the which-view (objects) test, where all they were told was that their memory would be tested.
Results
The performance of E.L.D. on the which-item and which-view recognition memory tests is presented in Table 7 together with the performance of age and sex-matched controls. On the which-items test, performance by both controls and E.L.D. is close to ceiling. Nevertheless, E.L.D.'s performance is lower on the unfamiliar than on the familiar items, and was below that of the controls for the unfamiliar items only. Only 1 of the 10 control subjects scored as low as E.L.D. (16/20) on the unfamiliar faces, and none of the control subjects scored as low as she did (17/20) on unfamiliar objects.
Performance on the 2 which-view recognition memory tests is also presented in Table 7 . Here, performance by control subjects appears to be well below ceiling and an unambiguous pattern emerges. E.L.D. performs just as well as controls on the familiar faces but is severely impaired (no better than chance) on the unfamiliar faces. On both tests, unlike the controls, she shows an extremely large discrepancy between performance on familiar and unfamiliar items. Her score on the which-view test for familiar objects is actually rather better than controls, so her good performance here certainly cannot be explained in terms of a ceiling effect limiting relative performance by the controls. Memory for unfamiliar items is once more poor on the objects tests, 2.4 SDs below controls (n = 6).
We have subsequently investigated E.L.D.'s ability to perform these 4 tests as simple matching tasks. She made no errors under these circumstances, confirming that her problems with the unfamiliar items are related to memory rather than perception; she can see the differences between the unfamiliar stimuli even though she does remember them.
It is clear that the pattern that was obtained in the previous experiment with E.L.D. has been replicated here. Once more, she is able to remember familiar items very much better than unfamiliar items whether the test involves memory for which item or which view was presented, or in addition, the findings of this experiment show that she performs in similar fashion whether the tests require memory for faces or memory for objects.
It is important to consider whether or not E.L.D.'s performance with familiar items in the which-view recognition memory tests could be based on verbal rather than visual coding. Might she, for instance, remember a view of Mrs Thatcher simply by coding it as one in which she is 'looking to the right, with a frowning expression'? We think not for four reasons. First, she denied such a strategy. Secondly, her performace was as good as that of normal subjects, whereas it might be expected that verbal coding would be of some assistance, but not to be as effective as the visual codes that normal subjects can use. Thirdly, E.L.D. performed normally on remembering views of familiar visual stimuli even when she was not informed as to the nature of the subsequent recognition test (in the which-view objects test). Fourthly, the differences between several of the pairs of items in the memory test phases of the which-view tasks were slight (see fig. 1 ), so that verbal coding could not be effective. We therefore consider her normal recognition of previously presented views of familiar objects and faces to be based on genuine visual memories.
Further discussion of the implications of these findings will be postponed until two final experiments involving recognition memory for verbal material and voices have been reported.
Experiment 7
So far, it has been demonstrated that E.L.D.'s impairment on recognition memory tests applies to unfamiliar rather than familiar faces and objects. The findings raise the possibility that she might perform badly on all tests of recognition memory that involve unfamiliar stimuli rather than tests which employ visual materials such as faces and objects per se. It will be recalled that E.L.D.'s good performance on the Warrington Recognition Memory Test was with familiar lexical items rather than with unfamiliar items. A test was therefore designed in which recognition memory for words and nonwords was compared.
Method
A total of 80 words (40 targets and 40 distractors) and 80 nonwords (40 targets and 40 distractors) were used in the experiment. All stimuli were taken from Ley and Karker's (1974) list of 5-letter CVCVC words and nonwords. Each target was matched with a distractor of equal pronounceability according to Ley and Karker's ratings. All 80 target items were typed in lower case on index cards and presented one at a time for 3 s each. E.L.D. was asked to decide whether each letter string represented an English word that she knew. At recognition, she was presented with 80 index cards one at a time in random order and was asked to indicate the target item. Forty of these cards contained 1 of the target words together with a distractor word, and the remainder contained a target nonword and a distractor nonword.
Results and Discussion
E. L. D. scored a total of 35/40 on recognition memory for the words and a total of 31 /40 on the nonword items. Both these scores are very similar to those obtained by 5 matched control subjects who scored an average of 36/40 (SD = 2.61) on the words and 31/40 on the nonwords (SD = 3.03). It is therefore clear that E.L.D. does not suffer the same difficulties in remembering unfamiliar words that she encounters with unfamiliar faces and objects. This is further evidence that her memory problems are primarily with visual rather than verbal memory. Incidentally, her performance was perfect on the lexical decisions.
Experiment 8
The final experiment examined recognition memory for unfamiliar voices. If E.L.D.'s problems are confined to visual memory, then we would expect her to learn voices as easily as she learns words, nonwords and names. It is by no means certain, however, that this prediction would be correct. In a review of studies which have examined memory function following removal of the right temporal lobe, Milner (1974) concluded that memory for auditory as well as for visual patterns was impaired. On the other hand, Ross (1980) reported that, for 1 of his patients, auditory memory 'tested with noises and melodies' revealed 'no demonstrable difficulties ' (p. 195) . Unfortunately Ross provided no further details as to the nature of these tests and only appears to have examined auditory memory in the first of his 2 cases.
Methods
E.L.D. was asked to listen to a tape which contained 20 short sentences, each spoken by a different voice. Ten of the voices were male and 10 were female. The voices belonged to staff or students at the Univerity of Lancaster and were all unfamiliar to her and to the control subjects. She was asked to listen to the sentences and to pay particular attention to the voice, since.memory for the voice would subsequently be tested. Examples of the sentences used were 'The cows were lying down in the field' and 'In autumn the leaves fall off the trees'. There was a 5 s gap between the presentation of each sentence.
When all the sentences had been presented, there was a few seconds delay while instructions were given before the recognition memory test began. On the test tape, each sentence was repeated, spoken by the same voice as before and also spoken by a new voice of the same sex that had not been heard previously. On half the trials the new voice came immediately before the old voice, and on the other the new voice came immediately after the old voice. As soon as the second sentence of each pair had been presented, the subject had to indicate which of the 2 voices had spoken the sentence originally. Subjects were allowed as long as they liked to make each decision.
Results and Discussion
E.L.D. correcdy recognized only 11/20 of the voices. This compared with a mean score of 15.17 obtained by 6 matched control subjects (SD 1.07). Her score therefore shows clear signs of impairment on this task, being over 3 SD below controls. To discover whether her poor performance applied to familiar as well as unfamiliar voices, she was subsequently given the test for famous voices devised by Meudell et al. (1980) . This comprises short extracts of famous voices from the 1930s to the 1970s. E.L.D. performed normally on this task, successfully naming 33/80 of the voices in comparison with the 37.6/80 voices (SD 13.72) named on average by the control subjects of Meudell et al. As is the case with visual material, E.L.D.'s problems in remembering voices occur only with unfamiliar items.
There would appear to be two possible interpretations for E.L.D.'s poor performance in recognizing unfamiliar voices. The first is that it has come about as a result of the same functional impairment that has led to her loss of recent visual memory. It this is true, then it might be better to think of her condition as involving not so much isolated loss of recent visual memory as isolated loss of recent nonverbal memory. The alternative interpretation is that her poor memory for voices is caused by an impairment that is quite distinct from the one that is associated with her poor memory for visual information. The second interpretation would be consistent with the views of Ross (1980 Ross ( , 1982 . Investigations of memory for voices in other patients with loss of recent visual memory should help to clarify the situation.
GENERAL DISCUSSION
We have established that E.L.D. does not suffer from a general memory problem, and that she can learn verbal materials (words, pronounceable nonwords) normally, even when these are presented in the visual modality. She does, however, show a severe impairment of ability to learn new visual stimuli such as objects and faces. In contrast, her ability to recognize objects and faces that were familiar to her before her illness is unimpaired both in terms of overall accuracy and speed of response. Moreover, she shows normal recognition memory for previously familiar objects and faces, even when the memory test involves determining which of two views of the same object or face was previously presented. Hence it is only her memory for unfamiliar visual stimuli that is affected, producing the subjective complaint that even though she cannot recognize the faces of people she has met since her illness, she does know who these people are.
In establishing this description of E.L.D.'s problems, we have excluded several possibilities. Thus we demonstrated that her problem is not a general one involving recognition memory for any unfamiliar stimulus, since she had no difficulties with pronounceable nonwords. It is also clear that her problem is primarily one of memory rather than perception, since she has no difficulty in matching the stimuli that she remembers poorly if they are presented simultaneously. In addition, we do not consider that her normal learning of specific views of familiar objects and faces (in the whichview recognition memory tasks) can be based on use of 'verbal' coding, since a number of the pairs of views used were highly similar, and since normal learning of specific views was found even when she was not informed of the nature of the subsequent recognition test.
Finally, we have demonstrated that E.L.D. is not simply poor at recognizing faces of low familiarity. This is because she performs as well as normal controls at recognizing previously known faces of low familiarity, but performs worse than controls with recently encountered faces that are actually more easily recognized by (and more familiar to) the controls than are the low-familiarity faces. Her ability to recognize these lowfamiliarity items also makes it difficult to argue that she may have an impairment on premorbidly familiar items that is masked by ceiling effects in the performance of the controls. Control scores were well below ceiling on these items but she performed no worse than the controls. It is perhaps also worth pointing out that the absence of any difference between her and controls on familiar visual stimuli is of less theoretical significance than the very clear dissociation that she shows between memory for familiar and unfamiliar visual stimuli.
Although E.L.D.'s problems clearly involve a highly selective memory impairment, they were not exclusively visual. On a test of recognition memory for unfamiliar voices (Experiment 8), her performance was also impaired. As we have indicated, further studies of individual cases will be necessary to determine whether this association of visual and auditory (nonverbal memory) recent memory loss is coincidental for E.L.D., or reflects a more fundamental disruption to a system used in storing nonverbal memories.
Whatever the resolution of this particular question may turn out to be, our findings have important implications for understanding visual memory and its impairments. They extend the work of Ross (1980) and others, and demonstrate that a functional distinction should be drawn between verbal and visual long-term memory systems, and mat retrieval of old visual memories can proceed normally even when the ability to remember new visual information is severely impaired. In addition, they demonstrate that cases of what Ross (1980) called visual recent memory loss need not involve impairment of all recent visual memories. Instead, the which-view tests demonstrate that E.L.D. 's visual recent memory is normal for familiar stimuli.
To understand the implications of this result, it is useful to distinguish between the structure of a visual form, such as an object or a face, and a specific instance of that form, such as a particular photograph. This distinction is similar to that made by Bruce (1983) and Bruce and Young (1986) between structural (form) and pictorial (instance) codes. Once the distinction is made, it is easy to see that E.L.D. can recognize forms that were familiar to her before her illness, and that she can store and retrieve new instances of these previously familiar forms, but that she cannot remember new visual forms, or instances of new forms.
Obviously, when we recognize familiar faces or objects in our daily lives we are continually having to recognize new instances of these known forms, because angles of view, lighting and so on are very variable. What E.L.D.'s case demonstrates, however, is that the storage of these new instances seems to be intimately linked to the operation of the recognition system itself, since she continues to be able to remember newly encountered instances of forms that she is able to recognize. This is consistent with the findings of a recent study of normal subjects by Ellis et al. (1987£) , who found that repetition priming of familiar face recognition is sensitive to the instances (i.e., the particular photographs) used to prime recognition.
The point is worth emphasizing. A number of contemporary theoretical models of object and face recognition have been based on the notion of 'recognition units ' (e.g., Seymour, 1979; Hay and Young, 1982; Warren and Morton, 1982; Bruce and Young, 1986; A.W. Ellis and Young, 1988) . These models claim that recognition of a familiar visual stimulus involves matching the appearance of the seen object or face against a set of recognition units on the basis of visual features which they both share. Each recognition unit is considered to be maximally responsive to a particular familiar form. In some ways E.L.D. supports this type of conception, since she seems to be able to access recognition units established before her illness, but unable to create new ones. However, the recognition unit theories also make the assumption that these units operate in a purely 'abstractive' way, namely, that they do not store any record of the previously encountered instances of each form. On this assumption, E.L.D.'s ability to remember instances of previously familiar faces would have to be attributed to a separate 'pictorial' memory system. Yet such a pictorial memory system should also be able to store instances of unfamiliar faces, which is what she is unable to do. Hence it is more plausible to consider her ability to remember instances of familiar forms as reflecting the intact operation of previously established recognition units, which would imply that the 'abstractive' view of the operation of recognition units needs to be modified to one that is more instance-based. In such a conception, a memory trace for the particular view of a seen familiar object or face would be established automatically as part of the operation of the recognition system. E.L.D., then, shows intact operation of face and object recognition units established before her illness, and severely impaired ability to establish new recognition units for faces and objects that are currently unfamiliar to her. Her case thus provides additional evidence of a difference between the processing of familiar and unfamiliar faces, a position previously adopted by Benton (1980) on entirely different neuropsychological grounds. It is notable, however, that the nature of E.L.D.'s impairment is clearly the same for both face and object processing. She shows a highly circumscribed deficit of memory for unfamiliar visual stimuli, but it is not specific to faces or objects as a stimulus class. Studies of other types of recognition impairment have tended to suggest functional differences between face and object processing (Young, 1988; H. D. Ellis and Young, 1989) , and it will thus be interesting to see whether or not studies of other cases of impaired visual recent memory will produce specific impairments affecting either unfamiliar face or unfamiliar object memory.
E.L.D.'s normal performance on the 'which-view' test of recognition memory for familiar objects has an additional interesting implication. The objects used in the test were familiar types of object (shoes, cups, etc.), but the specific exemplars of each object were not chosen to be personally familiar to her. In other words we did not use her shoe, or her cup, in the memory task; rather it was someone else's shoe, etc. In fact it was most unlikely that she would ever before have seen a shoe, a cup, etc., that was exactly like those chosen for the experiment. Hence she is not only able to remember which photograph (i.e., which instance) of a previously familiar visual form that she has been shown, but she can also do this even when the photograph is of an item which is a previously unseen examplar of that form.
Our investigation of E.L.D. has demonstrated, then, that isolated loss of visual recent memory is a more subtle problem than it might at first appear. In essence, it seems to involve (at least for our case) impaired ability to make unfamiliar visual stimuli become familiar, leading to a marked dissociation in recognition memory performance to instances of unfamiliar and previously familiar visual forms. This has important implications for our understanding of visual memory and visual recognition, and demonstrates the potential value of applying the single case method favoured by cognitive neuropsychologists to different types of recognition impairment.
